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Abstract

Establishing safe and efficient solutions to mine fill development has led to many 
innovations in underground mining. However, while advancements in backfill 
techniques and materials have progressed significantly in recent years, the variability 
of site conditions, combined with the potential behaviour and loading of fill materials 
continues to pose a challenge for structural design principles of barricades.

As the industry strives to formalise standards for containment devices, the 
introduction of new engineering approaches not only contributes to mine fill 
innovation, but also provides the industry with the assurance of knowing that their 
containment devices increase the safety factor in underground mine environments.

In designing containment barricades, the material properties, fill rate and cure times, 
combined with an analysis of the surrounding strata conditions, play a significant role 
in determining the structural design and factor of safety of the device. While these 
properties may differ from other site conditions that are prevalent in underground 
mines, the ability to apply research and learnings is extremely advantageous to mine 
fill development.

In addition to reviewing the various factors influencing mine fill containment, this 
paper draws a comparison to the design of other structural devices, including 
underground dam walls and ventilation seals, where responses to load and pressure 
determine the design of the structural device. Using a range of studies conducted at 
coal mines around Australia, it will outline the fill pressures and stress loading on the 
behaviour of structural components and will assess current testing and monitoring 
processes. With data obtained from live underground testing of various structural 
devices, load dynamics and responses to different stresses are analysed to establish a 
model for structural device specification.

1 Introduction

Industry practice around mine fill design has progressed significantly in recent years 
with a key result being the development of varying fill materials and techniques as 
well as an increased emphasis on engineered barricade design used in mine fill 
applications.

While there are different types of mine fills available to the industry, paste fill is an 
increasingly popular and relatively new mine fill that has significant advantages over 
other methods of mine fill.

The known strength and cure times of paste fills, as well as the relative ease of supply 
of binders, has played an important role in material selection for paste fills. The binder 



used, typically a cement base, does however contribute significantly to the cost of 
mine filling. As a result, there is an increasing trend to blend binders with fly ash, slag 
and lime in an attempt to minimise costs.

As these blends have a solids content of 75 –  83%, it is necessary to add sufficient 
water to achieve the desired consistency necessary to pump or gravity feed the fill 
into the cavity area. 

While these factors bode well for the long term strength and performance of a paste 
fill environment, the most significant characteristic of paste fill blends is that they 
exhibit gradual early strength but do attain a good final strength.

Given the volume of fill that may need to be introduced – at an estimated bulk density 
of 2300 kgm-3 - as well as the potential risk of a device failure in an operational 
environment, the design of mine fill barriers poses a significant challenge for 
underground mines.

Regardless of the mining method employed by an underground mine, the material and 
technique used in mine fill operations will be determined by the volume of an 
underground opening as well as the required curing time and fill rate of the mine fill 
material.

However, as the properties of shotblast products are now well understood, the 
specifications for a device can be specifically engineered to comply with site 
conditions. In designing structural devices, the potential load bearing, combined with 
an analysis of the surrounding strata conditions, play a significant role in determining 
the factor of safety. In contrast, in developing engineering parameters for other 
structural devices, including ventilation control devices, dam walls and bulkheads, 
design factors include erosion capacity of water as well as the potential impact of gas 
build-up.

In addition to reviewing the various factors influencing mine fill barrier design, this 
paper highlights structural components installed at Australian mine sites as an 
assessment model. With the benefit of having engineered and constructed a range of 
structural devices at particular sites, this paper assesses the design and construction 
of structural devices and reviews key environmental factors that have impacted on the 
engineering design.

2 Structural component design background

The effectiveness of a structural device relies on many factors including geology, 
siting, design, materials, construction and maintenance. With so many variables 
involved in determining the actual strength of a device and limited guidelines provided 
on appropriate material strength or safety factors, in 1998, Aquacrete, undertook full-
scale explosion testing to determine if structural devices designed to a theoretical 
model would withstand an overpressure event.

While similar testing had been conducted at purpose-built facilities such as 
Londonderry testing facility in New South Wales, the use of an underground mine in 
Western Australia provided full underground confinement of the explosive testing and 
enabled a wider range of tests to be completed.

Testing was carried out on a range of device thicknesses, ranging from 100mm to 
500mm. A typical device size was 4.2m × 4.2m, determined by the dimensions of the 



mine roadways where the testing was carried out. Various full-scale blast forces were 
simulated using high explosives. Each structural device was monitored with five 
pressure sensors distributed on the face, so that actual blast pressures could be 
measured. Peak blast pressures up to 75 psi (525kPa) were recorded.

The blast test results from six explosion tests were analysed by independent structural 
engineers and used to calibrate a 3-dimensional Finite Element (FE) computer model 
of a device subjected to blast loading (Figure 2). This calibration began by transferring 
actual pressure distribution contours from the testing and then compared axial, 
bending and shear stresses as well as total loading and deflection between various 
configurations. Once all the test data had been incorporated into the computer model, 
a series of simulations were run and the results calibrated against the actual test 
results to validate the computer modelling.

Firstly, with the computer model calibrated, the study was extended to determine the 
equivalent uniform pressures that corresponded to the highly variable pressures 
recorded by the instrumentation during the live testing (Figure 3 and 4). Secondly, the 
test results were extrapolated from 4.2 m × 4.2 m size VCDs to sizes more commonly 
encountered in coal mines; e.g. 3 m high × 5.5 m wide and through to unusual shaped 
roadways; e.g. 7 m high × 6 m wide.

The results were then used to develop a calibrated engineering design tool that could 
assess the required thickness of a device for any combination of height, width, 
overpressure, head of water and factor of safety for an individual site.

Following the successful application of this model over a number of years, Aquacrete 
again worked with independent engineers and a NATA-approved testing laboratory to 
conduct trials on its water-resistant product to determine an engineering model for the 
construction of water-retaining bulkheads and dam walls, as well as mine fill 
barricades. Compressive strength and water permeability were tested on full-size 
structural devices at varying time intervals from two days up to three months to gain a 
full understanding of material behaviour, which would be vital to accurately predict 
structural performance.

Figure 1 Research model demonstrates vertical bending to dam wall



Figure 2 Research model demonstrates stress loading from fill

Figure 3 Research model demonstrates explosion blast loading

In developing the engineering parameters for bulkheads and dam walls to withstand 
sustained water pressure, certain key differences to blast pressure were relevant:

• Water pressure is not constant, with maximum pressure exhibited at the base 
of the bulkhead or dam and varying pressure elsewhere.

• Sustained water pressure over a significant period of time can lead to 
softening.

• Sustained water pressure poses the risk of leakage through fractures and 
strata surrounding the bulkhead.

• Unlike Ventilation Control Devices (VCDs) and bulkheads that are supported on 
four sides, dam walls are supported on three. This results in a reduction in 
robustness, which is addressed by use of appropriate factors of safety.

• Unpredictable roof falls can generate a pressure wave to a bulkhead or create 
a surface wave to over-top a dam.

In contrast, the design parameters for backfill barricades posed a separate set of 
challenges:

• The bulk density of the fill is determined by the nature and consistency of 
tailings introduced into the fill, as well as the ratio of water to product.

• The ratio of binder added to tailings will potentially increase the pumpability 
and therefore pipe or borehold discharge pressures need to be analysed.



• Fill rates and cure times determine the compressive and other strengths that a 
device will be required to handle.

3 Exploring engineering parameters for different site 
conditions and product applications

While rigorous assessment is conducted at the time of mine planning to minimise 
safety risk and maximise production capabilities, the impact of unpredictable natural 
events such as severe weather, geological changes and seismic activity, can impact 
on the long term effectiveness of mine planning. Structural devices are used 
extensively in underground coal mines to segregate and stabilise mined-out areas as 
well as to isolate underground areas that are susceptible to spontaneous combustion, 
gas, water or unstable geological conditions.

Stoppings are typically designed for differential air pressures up to 35 kPa (5 psi) while 
seals are typically designed to resist blast pressures of 140 to 345 kPa (20-50 psi). 
Other structural devices, including water-retaining bulkheads and dam walls play a 
critical role in storing and retaining water, often in areas where high heads and 
volumes of water are prevalent. In designing bulkheads and dam walls, the erosion 
capacity of water, combined with an analysis of the surrounding strata conditions, play 
a significant role in determining the factor of safety. Structural components have 
traditionally been constructed using a variety of materials and methods to address 
specific mine site conditions. However, as many installations have been temporary in 
nature, specific research into the construction requirements and performance 
measurement of devices has been limited. 

3.1 Dewatering sump dam walls and bulkhead design

The high level of risk associated with the design and construction of bulkheads and 
dam walls necessitates a large factor of safety being specified.  The factor of safety 
needs to account for variability in the construction process, but also needs to consider 
the nature of the surrounding strata and the potential for roof falls or explosions that 
can generate a surface wave to over-top the dam.  Unlike VCD’s and bulkheads, dam 
walls are also only supported on three sides resulting in a reduction in robustness.  

In 2011, a New South Wales underground mine specified Aquacrete for a series of dam 
walls and bulkheads as part of a dewatering sump installation.  The geological nature 
of the mine, as well as consideration of the mine plan, necessitated that each device 
be individually designed.  Factors such as the potential life of device, the specified 
head of water as well as the duration of potential exposure of the seal to the mine all 
played a significant role in determining a factor of safety of 4.  The overall design 
specification encompassed the installation of two bulkheads and two dam walls (Figure 
4).  



Figure 4 Dewatering sump dam wall and bulkhead design (Kay & Salu 
2012)

Dam wall 1 (Figure 5) was designed to accommodate a 5.6m wide × 2.2m high cavity 
while Dam wall 2 was designed to be 5.61m wide × 1.8m high. The dam walls were 
installed using accepted shotblast techniques, achieving a thickness of 400mm and 
350mm respectively, and included a 200mm key all around into the ribs and floor. 
(Kay & Salu 2012)

Figure 5 Dam wall design, side view shown (Kay & Salu 2012)

3.2 Mine fill barricade design

A high factor of safety is generally accepted in the design and construction of mine fill 
barricades. This is in part due to the potential variations that can occur as a result of 
the fill material but is also recommended to address pumping and cure rates as well 
as the risk of strata permeability and variations in strata integrity.

Aquacrete recently played a pivotal role in the design and engineering of mine fill 
barricades at a Queensland underground coal mine. The project involved the 



construction of a new roadway across the longwall, as well as considerable 
engineering to facilitate a number of project phases.

After the roadway was driven and extra support was in place, the project team set 
about constructing a series of barricades designed to retain a fly ash/cement fill that 
would be introduced to the roadway (Figure 6). Each barricade was designed to 
withstand 150 – 180 kPA of pressure and a vertical head of 5 metres.

Two of the barricades were designed with angular ends in them resembling a bay 
window (Figure 7). The construction material also needed to be carefully considered as 
the barricades would be cut into the longwall in the maingate and tailgate take-off 
chute roadways. The method and materials used in the construction of Aquacrete 
barricades meant that there was no mesh or other materials that would impact on the 
longwall as it cut through.

As more than 5,000 cubic metres of fly ash/cement was to be pumped into the drive, 
the engineered barricades needed to achieve a high factor of safety without the need 
for significant support in the construction phase.

The solution was a set of four Aquacrete Wet-Repel barricades as large as 7 metres 
wide × 3.5 metres high. Each were sprayed to 300 - 400 mm thick. To allow the 
project team to inspect the progress of the fill, manholes and thickness gauges were 
installed at construction. It was the first time that Aquacrete barricades had been 
designed in a bay window configuration.

Figure 6 Site reconstruction demonstrates fill procedure and barricade 
construction

Figure 7 Barricades were designed with angular ends resembling a bay 
window



4 Inspection and monitoring of structural devices

As many structural components found in underground mines have been designed and 
certified at time of installation, the review of these installations, specifically the impact 
of environmental and other factors, provides the opportunity for continued learning 
and development in this area.

Where devices are designed to be integral to long-term safety of operational 
environments, regular inspection of structural integrity is essential. Having identified 
the potential stress of dam walls at a New South Wales site, Aquacrete trialed a site 
audit procedure over a period of three years.

Visual inspections of the dam walls included an inspection of the surrounding strata to 
identify water leakage, potential softening of the structural device, erosion and 
breakdown of structural integrity and measurement of the device thickness. The 
‘health’  of a device was verified with the use of echo impact testing. Using sound 
waves to test a material for integrity and strength properties, defects within the 
material such as voids are detected.  The device works by striking a surface with a 
hammer and then measuring the elapsed time for the sound waves to reflect off the 
far surface. If there are defects within the material, the sound waves will not transmit 
through and the instrument will record the sound waves bouncing off an apparently 
thinner section.

Testing of dam wall integrity at the New South Wales site confirmed that structural 
integrity of the devices had been maintained, with the measured thickness being 
verified by the measurements shown in the echo impact testing. (Kay & Salu 2012)

In the case of more temporary installations, including those of mine fill projects, the 
importance of planning and monitoring is amplified –  purely on the basis of the 
immediate and short term risk posed by the volume and rate of pour of the fill 
material.

In developing monitoring and evaluation tools for a mine fill barricade, the barricade is 
designed with a number of features. These include a series of drainage pipes to 
ensure that any excess water does not impact on the cure times. An inspection man 
hole is installed at the top of the device to allow operators to access the fill area and 
conduct tests on the fill. Finally, the fill rate is consistently monitored to ensure all fill 
material is allowed sufficient time to cure without impacting on operational safety.

5 Summary and conclusion

From life-of-mine planning and monitoring software to engineered design of structural 
devices, mine fill innovation is underpinned by an industry-wide focus on operational 
safety and production efficiency.

Over time, the role of structural barricades has continued to progress.  Where 
structural devices were historically installed as a temporary barrier and viewed as a 
supplementary element of life-of-mine planning, the results of full-scale blast testing in 
1998 changed the role of engineered devices in underground mines.  

Aquacrete’s initial engineering trials were the catalyst for significant development for 
the industry.  Being one of the first to introduce new materials and methods to a 
shotcrete-dominated environment, the company had identified the need to 
substantiate the strength and performance of non-concrete products.   With the 



support of independent engineers, and backed by laboratory and live testing, mines 
were able to have structural devices designed to meet specific site conditions.  For the 
first time, they could also obtain independent engineering certification for devices 
installed to specification. 

That ability to predict the structural performance of a ventilation control or water-
retaining device has enabled the application of known engineering principles to the 
design and installation of mine fill barricades.  

While there is still significant advancement needed to determine industry standards 
for mine fill barricades, industry-led initiatives will continue to play a crucial role in the 
establishment of new engineering methods and materials.  
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